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CLAIMS 

What is claimed is: 

1 1 . A transform system for graphics processing, comprising: 

2 (a) an input buffer adapted for being coupled to a vertex attribute buffer for 

3 receiving vertex data therefrom; 

4 (b) a multiplication logic unit having a first input coupled to an output of the 

5 input buffer; 

6 (c) an arithmetic logic unit having a first input coupled to an output of the 

7 multiplication logic unit; 

8 (d) a register unit having an input coupled to an output of the arithmetic logic 

9 unit; 

10 (e) an inverse logic unit including an input coupled to the output of the 

1 1 arithmetic logic unit or the register unit for performing an inverse or an 

12 inverse square root operation; 

13 (f) a conversion module coupled between an output of the inverse logic unit and 

14 a second input of the multiplication logic unit, the conversion module 

15 adapted to convert scalar vertex data to vector vertex data; 

16 (g) memory coupled to the multiplication logic unit and the arithmetic logic unit, 

17 the memory having stored therein a plurality of constants and variables for 

1 8 being used when processing the vertex data; and 

19 (h) an output converter coupled to the output of the arithmetic logic unit and 

20 adapted for being coupled to a lighting module to output the processed vertex 

21 data thereto. 

1 2. The system as recited in claim 1, wherein the memory is coupled to the 

2 second input of the multiplication logic unit. 

1 3. The system as recited in claim 1, wherein the input of the inverse logic unit is 

2 coupled to the output of the arithmetic logic unit. 
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1 4. The system as recited in claim 1, wherein the inputs of the multiplication 

2 logic unit include multiplexers. 

1 5. The system as recited in claim 1, wherein at least one of the inputs of the 

2 arithmetic logic unit includes a multiplexer. 

1 6. The system as recited in claim 1, wherein the memory has a write terminal 

2 coupled to the output of the arithmetic logic unit. 

1 7. The system as recited in claim 1, wherein the output of the multiplication 

2 logic unit has a feedback loop coupled to the first input thereof. 

1 8. The system as recited in claim 1, wherein the output of the register unit is 

2 coupled to the first input of the multiplication logic unit. 

1 9. The system as recited in claim 8/ wherein the output of the register unit is 

2 coupled to the second input of the multiplication logic unit. 

1 10. The system as recited in claim 1., wherein the output of the arithmetic logic 

2 unit has a feedback loop connected to the second input thereof. 

1 11. The system as recited in claim 10, wherein the feedback loop has a delay 

2 coupled thereto. 

1 12. The system as recited in claim 1, wherein the multiplication logic unit is 

2 capable of performing a rotate operation on vector vertex data. 

1 13. The system as recited in claim 1, wherein the inverse logic unit is capable of 

2 clamping a value of an inverse operation if the value of the inverse operation 

3 meets predetermined criteria. 
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14. The system as recited in claim 1, wherein included are six input buffers 
coupled to the first input of the multiplication logic unit. 

15. The system as recited in claim 1, wherein the multiplication logic unit 
includes four multipliers coupled in parallel. 

16. The system as recited in claim 1, wherein the arithmetic logic unit includes 
three adders coupled in parallel and series. 

17. The system as recited in claim 1, wherein the register unit includes four sets 
of registers each having an output coupled to a first input of an associated 
multiplexer which has a second input coupled to the input of the 
corresponding set of registers. 

18. The system as recited in claim 1, wherein the register unit is threaded. 

19. The system as recited in claim 1, wherein the output converter is adapted to be 
coupled to the lighting module via output buffers. 

20. The system as recited in claim 1, wherein a register is coupled between the 
output of the inverse logic unit and an input of the conversion unit. 

21 . The system as recited in claim 20, wherein the register is threaded. 

22. The system as recited in claim 1 , wherein the register unit is capable of being 
masked at a vector component level. 



23 A system for handling scalar and vector components during graphics 



\processing, comprising: 
(a) a vq^t^operation module for receiving vertex data in the form of vectors 




ano.oerforming vector operations on the vector vertex data; 
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(b) \ a conversion module coupled to the vector operation module for converting 
:alar vertex data from the vector operation module into vector vertex data; 

(c) a register coupled to the vector operation module for storing an output of the 
vectpr operation module for feeding the output back to the vector operation 
module. 



24. The system as recited in claim 23, wherein the vector operation module 
includes at least one of multiplier and an adder. 

25. The system as recited in claim 23, wherein zero latency is achieved by 
bypassi rig the register. 

26. The sy; tern as recited in claim 25, wherein the register includes a vector 
compo lent write mask for generating vector vertex data. 

27. The system as recited in claim 23, and further comprising a scalar operation 
module adapted for executing scalar operations on an output of the vector 
operation module, thereby rendering vertex data in the form of scalars. 

28. The system as recited in claim 27; wherein the scalar operations include 
invers : or inverse square root operations. 

• 29. A met lod for handling scalar and vector components during graphics 
processing, conyafiSmg: 

(a) receiving verte&c d^ta in the form of vectors; 

(b) performing vector operations on the vector vertex data; 

(c) convening scalar vertex data resulting from the vector operations into vector 
vertex a^ta; 

(d) storing arJsoutput of the vector operations; and 



NVIDP010/P000127 V5.0 



• 



-73 



8 (e) performing additional vector operations on the stored output of the vector 

9 operations. 

1 30. The method as recited in claim 29, wherein the vector operations include 

2 multiplication or addition operations. 

1 31. The method as recited in claim 29, wherein the vector operations are 

2 performed Ion the output of the vector operations with zero latency. 



1 32. 
2 



1 "M. 

2 
3 

1 "3* 
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The methoc as recited in claim 31, wherein the output of the vector 
operations is stored in a register unit, and the zero latency is achieved by 
bypassing t le register unit. 

The method as recited in claim 29, and further comprising executing scalar 
operations c n an output of the vector operations, thereby rendering vertex 
data in the f Drm of scalars. 

The methoc as recited in claim 34, wherein the scalar operations include 
inverse or inverse square root operations. 

The method as recited in claim 34, and further comprising extracting scalar 
vertex data from the output of the vector operations if the output is in the 
form of veqtors. 



The methoc 
multiplexer 



37 
1 -5ft 



The methoc 
manipulate 




as recfttedAQ^chim 36, wherein the extraction is carried out by a 



as recited in claim 29, wherein the received vertex data is 
by a multiplexer. 



idyby 
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8 (e) 



i 



10 

1 



4/ 

1 
2 
3 

1 ^ 



43 



i >k 



1 

2 
3 



A computer program embodied on a computer readable medium for handling 
scalar, and Vector components during graphics processing, comprising: 
. a code segment for receiving vertex data in the form of vectors; 
a code segment for performing vector operations on the vector vertex data; 
a code segmentlfor converting scalar vertex data resulting from the vector 



operations into \ 
storing an output 
performing addit 
operations. 



ector vertex data; 
of the vector operations; and 

onal vector operations on the stored output of the vector 



The computer prpgram 
include multiplication 



as recited in claim 39, wherein the vector operations 
or addition operations. 



The computer program as recited in claim 39, wherein the vector operations 
are performed on the output of the vector operations with zero latency. 



The computer 
vector operations 
by bypassing 



rogram as recited in claim 41, wherein the output of the 
is stored in a register unit, and the zero latency is achieved 
he register unit. 



The computer 



program as recited in claim 39, and further comprising a code 



segment for executing scalar operations on an output of the vector 
operations, thereby rendering^yertex data in the form of scalars. 




The computer prograri^a§^cit6d4fi-claim 43, wherein the scalar operations 
include inverse or inverse square root operations. 

The computer program as recited in claim 43, and further comprising a code 
segment for extracting scalar vertex data from the output of the vector 
operations if toe output is in the form of vectors. 
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1 "46, The methosl as recited in claim 45, wherein the extraction is earned out by a 

2 multiplexer. 
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The method aslrecited in claim 39, wherein the received vertex data is 
manipulated byla multiplexer. 

A method for performing a blending operation during graphics processing in 
a hardware-implemented graphics pipeline, comprising: 
receiving a plurality of matrices, a plurality of weight values each 
corresponding with one of the matrices, and vertex data in a buffer; 
calculating a sun of a plurality of products with each product calculated by 
the multiplication of the vertex data, one of the matrices, and the weight 

the matrix, wherein the calculation is executed on a single 
; and 



corresponding tc 
integrated circui 



(c) outputting the si im of products for additional processing. 



The method as Recited in claim 48, wherein the matrices include model view 
matrices. 



The method as 
includes multij 
displaying purposes 



recited in claim 49, wherein the additional processing 
ying the sum of products by a composite matrix for 



The method as 
includes a ligh 

The method as 
matrices and tti 



recited in claim 49, wherein the additional processing 
ing operation.. 




recited inVcl^fiMS^herein the matrices include inverse 
vertex data includes a normal vector. 



The method as recited in claim 48, wherein the single integrated circuit 
includes: a multiplication logic unit having a first input coupled to an output 
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(a) 
(b) 



of the buffer for receiving the vertex data; an arithmetic logic unit having a 
first input copied to an output of the multiplication logic unit; a register unit 
having an input coupled to an output of the arithmetic logic unit; memory 
coupled to the multiplication logic unit and the arithmetic logic unit, the 
memory having stored therein a plurality of constants and variables for being 
when processing! the vertex data. 

The system as redited in claim 48, wherein the single integrated circuit 
includes: a multiplication logic unit having a first input coupled to an output 
of the buffer; an arithmetic logic unit having a first input coupled to an 
output of the multiplication logic unit; a register unit having an input coupled 
to an output of the arithmetic logic unit; an inverse logic unit including an 
input coupled to the output of the arithmetic logic unit or the register unit for 
performing an inverse or an inverse square root operation; a conversion 
module coupled between an output of the inverse logic unit and a second 
input of the multiplication logic unit, the conversion module adapted to 
convert scalar vertex data to vector vertex data; memory coupled the 
multiplication logic unit and the arithmetic logic unit, the memory having 
stored therein a plurality of constants and variables for being used when 
processing the vertex data; and an output converter coupled to the output of 
the arithmetic logic unit for being coupled to a lighting module to output the 
processed vertex data thereto. 

A system for performing a blending operation during graphics processing in a 
graphics pipeline, comprising: 

a buffer for rec si vingja plurality of matrices, a plurality of weight values each 
corresponding with (W^Tthe-matrices, and vertex data; 
a single integrated circuit coupled to the buffer for calculating a sum of a 
plurality of products with each product calculated by the multiplication of the 
vertex data, one\of the matrices, and the weight corresponding to the matrix; 
and 
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wherein the sum of products is outputted from the single integrated circuit 
for additional processing. 

The systefy as recited in claim 55, wherein the matrices include model view 
matrices. 




1 "59* 



*7 



1 
2 
3 
4 
5 
6 
7 
8 



1 "64* 

2 
3 
4 
5 
6 



The system ^s recited in claim 56, wherein the additional processing includes 
e sum of products by a composite matrix for displaying 



recited in claim 56, wherein the additional processing includes 
a lighting operation. 

The system a^ recited in claim 55, wherein the matrices include inverse 
matrices and me vertex data includes a normal vector. 



The system as recited in claim 55, wherein the single integrated circuit 
includes: a multiplication logic unit having a first input coupled to an output 
of the buffer ffor receiving the vertex data; an arithmetic logic unit having a 
first input coupled to an output of the multiplication logic unit; a register unit 
having an input coupled to an output of the arithmetic logic unit; memory 
coupled to tjie multiplication logic unit and the arithmetic logic unit, the 
memory haling stored therein a plurality of constants and variables for being 
used when processing the vertex data. 

The system as recited iffct^im 55, wherein the single integrated circuit 
includes: a multiplic^tiop^ogic unit having a first input coupled to an output 
of the buffer; an arithmetic logic unit having a first input coupled to an 
output of the multiplication logic unit; a register unit having an input coupled 
to an outputW the arithmetic logic unit; an inverse logic unit including an 
input coupledSo the output of the arithmetic logic unit or the register unit for 
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performing an inverse or an inverse square root operation; a conversion 
module coupled between an output of the inverse logic unit and a second 
input of the miMtiplication logic unit, the conversion module adapted to 
convert scalar vjprtex data to vector vertex data; memory coupled to the 
multiplication lqgic unit and the arithmetic logic unit, the memory having 
stored therein a ] plurality of constants and variables for being used when 
processing the vertex data; and an output converter coupled to the output of 
;ic unit for being coupled to a lighting module to output the 
data thereto. 



the arithmetic lo 
processed vertex 



vmethod for handling output values in a graphics processing module 
tentative df an inverse operation involving a W-attribute of vertex data, 
composing: 

processingsveytex data, wherein the processing of the vertex data includes an 
inverse oper^jon involving a W-attribute of the vertex data; 
outputtmg thfe phpojfs^ed/vertex data; 

identifying i valuo^^^f^cjtsQ operation involving the W-attribute of the 
vertex data 

clamping /he value of th&dnverse operation if the value of the inverse 
operation (meets predetermined criteria. 



The method as recited ii 
the inverse operation boh 



claim 62, wherein the criteria includes the value of 
greater than a predetermined amount. 



The method as recited in claim 62, wherein the value is clamped by an 
inverse logic unit in a transform module. 

The method as recited in claim 62, wherein the value is clamped to a 
minimum and a maximum exponent. 
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8 (c) 
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computer program embodied on a computer readable medium for handling 
output values in a graphics processing module representative of an inverse 
operatioh^involving a W-attribute of vertex data, comprising: 
a code segment for processing vertex data, wherein the processing of the 
vertex data incm^es an inverse operation involving a W-attribute of the 
vertex data; 

a code segment for oufoutting the processed vertex data; 
a code segment for identifying a value of the inverse operation involving the 
W-attribute of the vertex daftu and 

a code segment for clamping this value of the inverse operation if the value of 
the inverse operation meets predetermined criteria. 



The computer program as 
the value of the inverse op 




d in claim 66, wherein the criteria includes 
tion being greater than a predetermined amount. 



The computer program as recited in claim 66, wherein the value is clamped 
by an inverse logic unit in a transform module. 

The computer program as recited in claim 66, wherein the value is clamped 
to a minimum and a maximum exponent. 
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